The aim of this study was to evaluate the effect of boar semen storage in different short-term extenders (BTS, Kortowo-3, and M III) on the percentage of spermatozoa showing proapoptotic and necrotic changes. For the first time in this study, Annexin V isolated from swine placenta has been used to determine proapoptotic changes in stored boar spermatozoa. The changes were determined using the IN Cell Analyzer 2000. A gradual decrease in motility was observed on successive days of storage. Spermatozoa incubated in the BTS extender were characterised by the highest average motility, which reached 75% on the 1 st d
Introduction
The main role of semen extenders is to preserve sperm vitality and dilute semen samples to produce the required number of insemination portions. Regardless of the type of the applied extender, semen ages progressively, and loses its biological value during storage. Ageing impairs sperm motility, viability, and mitochondrial function (2) . Preservation has an adverse effect on the molecular structure of sperm's cell membrane, and it leads to the loss of basic membrane function. Storage disrupts quantitative and qualitative interactions between plasmalemma lipids and proteins, which impairs membrane permeability and plasticity (3, 13) . Scientists have recently paid their attention to apoptosis-like mechanisms, which are induced during the preservation of semen, including human (11, 16) and bull (1, 9) sperm. Early apoptotic changes in fresh boar semen were associated with a minor increase in membrane permeability (14) . The described changes also lead to the translocation of phosphatidylserine from the inside to the outside of the plasma membrane. The existing research did not provide conclusive evidence to ascertain whether phosphatidylserine translocation is solely associated with apoptosis of fully developed spermatozoa. Disruptions in membrane asymmetry can point to early apoptotic changes in the cell or may result from sperm capacitation (4) . In fertility problems, apoptotic changes in spermatozoa are positively correlated with morphological changes (12) . It is believed that fresh semen containing sperm cells with pro-apoptotic changes is characterised by lower fertility. Detection and elimination of such spermatozoa could significantly contribute to assisted reproduction techniques because the use of low quality semen in insemination may lead to high financial losses (10) . Cytometric methods for evaluating cell membrane damage, chromatin condensation or proapoptotic changes in cells can be useful in predicting the fertilising ability of sperm and classifying insemination material. The quality of preserved semen is determined by various molecular tests using modern laboratory equipment. Such analyses support early detection of proapoptotic changes in spermatozoa.
The aim of this study was to evaluate the effect of boar semen storage in different short-term extenders (BTS, Kortowo-3, and M III) on the percentage of spermatozoa showing proapoptotic and necrotic changes. For the first time in this study, Annexin V isolated from swine placenta has been used to determine proapoptotic changes in stored boar spermatozoa.
Material and Methods
All chemicals were purchased from SigmaAldrich Chemical Company (USA), unless otherwise stated.
Semen collection and treatments. Semen was collected from four fertile adult (2-4 years of age) Polish Large White (WBP) boars by the gloved-hand method. Three ejaculates were collected from each boar (12 ejaculates in total). Boars were kept in standard housing conditions and fed a standard diet. Sperm counts in fresh semen were performed by cytometric method. Ejaculates were diluted in BTS (Minitub, Tiefenbach, Germany), Kortowo-3 (69.3 mM fructose, 64.6 mM sodium citrate, 8.0 mM Na 2 -EDTA, 14.2 mM potassium acetate, pH 6.8), and M III (Minitub, Tiefenbach, Germany) extenders to the final concentration of 30 × 10 6 spermatozoa/mL, and stored for 5 d at 16°C. The motility of stored spermatozoa was controlled daily under an optical microscope. Annexin V was isolated from porcine placenta by ion-exchange and gel filtration chromatography (6) . Electrophoretically homogeneous Annexin V was biotinylated and used in the study.
Staining of stored spermatozoa using biotinylated Annexin V and propidium iodide (PI). One microlitre of 1 M CaCl 2 , 2.5 µL of PI (2 mg/mL), and 2.5 µL of biotinylated Annexin V (1 mg/mL) were added to 500 µL of diluted semen. Samples were incubated for 20 min at 37°C and centrifuged for 5 min at 600 x g. The supernatant was decanted and sperm pellets were rinsed twice with 0.85% NaCl. Pellets were rinsed by dispersion in 1 mL of 0.85% NaCl and centrifuged at 600 × g for 5 min. After rinsing, spermatozoa were resuspended in 0.5 mL of 0.85% NaCl, and 5 µL of the sample was applied to a 96-well cell culture plate (Thermo Fisher Scientific, Rochester, USA). Smears were dried for 10 min at 40°C and fixed for 2 min with methanol cooled to -20°C. After fixing, 20 µL of avidin-FITC solution was added to each well. After 10 min of incubation at room temperature, all wells were rinsed twice with 0.85% NaCl, and prepared for examination in the IN Cell Analyzer 2000 (GE Healthcare Biosciences).
Analysis of samples in the IN Cell Analyzer 2000. FITC and Cy5 filters, whose excitation and emission characteristics corresponded to the applied fluorochromes, were used in analysis. Spermatozoa were divided into three categories: live (no fluorescence), proapoptotic (green fluorescence), and dead (red fluorescence). Approximately 1000 spermatozoa from each sample were evaluated.
Statistical analysis. Values were expressed as mean ± standard error (SEM). Data was analysed by the LSD (least significant difference) test using the Statistica software package (StatSoft Incorporation, USA). Values were considered statistically significant at P < 0.05.
Results
The average motility of spermatozoa in fresh semen was similar in all individuals, at 80%. A gradual decrease in motility was observed on successive days of storage. On day 5, average sperm cell motility decreased significantly in all tested extenders (Table 1) . Spermatozoa incubated in the BTS extender were characterised by the highest average motility, which reached 75% on the 1 st d and 39% on day 5. On day 3, the motility of sperm cells stored in BTS was significantly higher in comparison with spermatozoa stored in Kortowo-3 extender. On day 5, motility of spermatozoa stored in BTS was significantly higher than those stored in Kortowo-3 and M III extenders.
The effect of extender type on the percentages of live, proapoptotic, and dead spermatozoa is shown in Table 2 . Diluted semen contained 1.5% to 2.8% spermatozoa with proapoptotic changes. The discussed process was intensified on the 3 rd d of storage when the percentage of apoptotic spermatozoa was determined at 8.3% to 14.6%. On day 3, the percentage of sperm cells with proapoptotic changes increased significantly, and the content of dead spermatozoa exceeded 25%. On days 4 and 5, a decrease was noted in the number of proapoptotic and dead spermatozoa with a simultaneous rise in the percentage of live cells. Values within the same column with different letters are significant (P < 0.05) Statistically significant individual differences in percentage of apoptotic spermatozoa were observed. Ejaculates of two boars (L and M) were characterised by the highest percentage of apoptotic cells, especially on day 3 of storage ( Fig. 1) . 
Discussion
Spermatozoa stored in the BTS extender were characterised by the highest motility. Other researchers demonstrated that despite its simple chemical composition, BTS supports the preservation of sperm viability for 15 d. Differences in mitochondrial activity, acrosome intactness, and capacitation status of spermatozoa were observed between various semen extenders (5). BTS diluent contains low levels of potassium, and it is believed to maintain physiological levels of potassium ions in sperm cells. This mechanism prevents intracellular exhaustion of K + and loss of motility (7) .
Liquid preservation of boar semen leads to a gradual increase in the percentage of spermatozoa with proapoptotic changes manifested by phosphatidylserine residues on the outside layer of the plasma membrane. An increase in the percentage of spermatozoa classified as "live" on days 4 and 5 could be attributed to the progressing degradation of necrotic cells, which can impair the binding ability of fluorescent dyes. A drop in the percentage of proapoptotic spermatozoa with a simultaneous increase in the number of dead sperm cells was observed in all analysed individuals. The above resulted from the death of some proapoptotic spermatozoa.
Kumaresan et al. (8) showed that fresh boar semen contained 8.33% ± 2.31% apoptotic spermatozoa, whose population increased to 25.19% ± 4.25% after 4 d (96 h) of storage, and the observed difference was significant. The liquid preservation of boar semen at 18°C additionally induces lipid peroxidation, decreases mitochondrial membrane potential, and increases plasma membrane permeability.
Individual variations in the rate and direction of changes were observed in the stored spermatozoa, especially during the first 3d of storage. Significant differences in the percentage of apoptotic, necrotic, and live sperm were also observed by Trzcińska et al. (14) among individuals, and among ejaculates from the same individual. More sperm subpopulations were detected with the use of the Annexin-V-FITC/PI assay, and this method seems to be more sensitive than the YO-PRO-1/PI assay. The applied methods detect changes in sperm cell membrane in different aspects of apoptosis, and this could also explain the variations in the number of apoptotic cells found in both assays.
A significant increase in the counts of apoptotic sperm (YO-PRO-1+/PI−) and early apoptotic sperm (annexin-V+/PI−) were observed between day 0 (fresh semen) and day A (on which sperm motility decreased to 30%) only in semen samples from three of the five studied boars. No significant differences in the fertilisation rate of gilts were noted after insemination with fresh semen or stored semen with a higher content of apoptotic spermatozoa. Insemination with stored semen produced significantly higher counts of degenerated embryos, but insemination with fresh or stored semen produced morphologically normal blastocysts with similar numbers of nuclei (15) .
The analysed extenders differed insignificantly in their ability to protect semen against proapoptotic changes. In this respect, the most effective diluents on the first 3 d of storage were Kortowo-3 and M III. The results of the study indicate that a drop in the percentage of proapoptotic spermatozoa was accompanied by an increase in the number of necrotic sperm cells. The above resulted from death of some proapoptotic spermatozoa. From the methodological point of view, an additional fluorochrome dye for staining all sperm cells should be used in the analysis of proapoptotic changes in the IN Cell Analyzer 2000. This approach would support more accurate identification of cells in the evaluated samples. Hoechst 33258 could be used to stain sperm cells regardless of their status. Further work is needed to test this possibility.
